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The  results  of  a  calculation  of  the  attenuation  of  ultrasonic  waves 
in  a  metal  when  a  d.c.  magnetic  field  is  present  in  a  direction  parallel 
to  the  polarization  direction  of  a  sound  wave  is  described.  A  principal 
part  of  the  report  includes  tables  of  use  to  anyone  interested  in  attenuation 
calculations.  Graphical  results  for  the  case  in  question  are  included. 

II.  INTRODUCTION  AND  DISCUSSION 


This  note*  reports  the  results  of  a  calculation  of  the  attenuation  of 

ultrasonic  waves  in  a  metal  when  a  d.c.  magnetic  field  H  is  present  in  a 

direction  parallel  to  the  polarization  direction  U  of  a  transverse  sound 

wave.  The  method  of  treatment  involves  the  simultaneous  solution  of 

Maxwell's  equations  with  the  Boltzmann  transport  equation,  applied  to  a  free 

electron  model.  Thus,  the  formulation  of  the  problem  is  the  same  as  that  of 

Cohen,  Harrison  and  Harris on who  in  their  general  discussion  of  the  problem 

include  an  evaluation  of  the  attenuation  for  an  infinite  electronic  mean  free 

path.  Indeed  the  analytical  results  obtained  are  identical  with  those  of  CHH, 

however,  we  solved  the  linearized  Boltzmann  equation  by  standard  techniques  of 

partial  differential  equations  rather  than  by  Chambers  method  as  employed  by 

CHH;  furthermore,  the  attenuation  has  been  evaluated  for  a  set  of  different 

values  of  the  electronic  mean  free  path. 

The  results  shown  in  Fig.  1  may  be  regarded  as  the  attenuation  Re(a) 

plotted  against  l/H,  for  a  series  of  different  values  of  the  electronic  mean 

(2) 

free  path  1  (corresponding  to  different  qlv  ).  The  abscissa  is  the  dimension- 

*Based  on  a  thesis  submitted  in  partial  fullfillment  of  the  requirements  for 
the  degree  of  Master  of  Science  (Physics)  at  the  Polytechnic  Institute  of 


Brooklyn. 


less  variable  Xp=q  Vp/w,  where  u>c  is  the  cyclotron  frequency  eH/mc.  The 
results  shown  in  Fig.  1,  however,  are  not  in  agreement  with  experimental 
findingi-^  in  particular  the  presence  of  a  substantial  peak  in  the  magneto- 
acoustic  oscillations  observed  experimentally  is  not  discernible  in  the 
free  electron  model  result. 

Each  curve  represents  a  monotonically  increasing  function,  approaching 

a  limit  at  zero  magnetic  field  (large  Xp),  identical  with  the  zero  field 

(k) 

limit  indicated  by  Pippard  .  For  curves  corresponding  to  larger  electronic 
mean  free  paths  we  observe  the  presence  of  slight  "wiggles"  that  have  the 
appearance  of  oscillations  about  curves  having  simpler  forms .  This  is  most 
apparent  when  we  consider  the  curve  for  infinite  mean  free  path,  here  we 
appear  to  have  oscillations  about  a  curve  of  constant  slope.  We  note  that 
the  curve  for  infinite  electronic  free  path  is  the  same  as  that  of  CHH.  The 
oscillations  are  a  consequence  of  the  presence  of  Bessel  functions  in  the  ex¬ 
pression  of  the  magneto-acoustic  conductivity  (see  below). 

The  theory  requires  the  calculation,  from  the  Boltzmann  equation,  of  the 
magneto-acoustic  conductivity.  The  specific  expression  turns  out  to  be: 


+oo 


3c-  V 


n=-oo 


-rB  (y 

l+i-Hmu -u>; 


(1) 


N  e2x 


where  aQ  is  the  d.o.  conductivity  m —  ,  Nq  the  electron  density  at  absolute 


zero  and: 
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Jn  being  a  Bessel  function  of  the  first  kind^.  Equation  (l)  is  the  sane 
as  Eq.  (4.1)  of  CHH.  The  attenuation  coefficient  Re(a)  is  then* 

te(a)  ■  i Efr  »•  [ in- i]  (3) 

Some  comparison  may  be  made  between  the  curves  presented  in  here  and 
those  reported  by  Kjeldaas  and  Holstein ^  for  the  case  of  a  magnetic  field 
perpendicular  to  the  direction  of  polarization  of  a  transverse  sound  wave. 

We  observe: 

a)  the  corresponding  expression  for  the  zero 
field  limits  are  the  same, 

U)  msacina^inthe  attenuation  curygs^of^Cjeld  aas 
and  Holstei^corrts^M-to-valleys  in  the 
— — — "curves  shown  here. 

It  should  be  noted  that  the  distance  between  valleys  is  very  nearly 
equal  to  tt.  There  is  a  problem  in  defining  points  of  maxima  and  minima  in 
the  curves  presented,  since  the  curves  are  monotonically  increasing;  however, 
one  can  isolate  certain  sections  of  the  curves  and  observe  maxima  and  minima 
in  these  sections. 

We  tabulate  in  the  appendices  the  computations  required  to  obtain  the 
curves  shown  in  Fig.  1.  Table  I  contains  the  actual  plotted  points. 


■  ;  FIGURE  I  1 

i  ;....  MAGNETIC  FIELD  DE  PE  IDEHCEOF.  THE.  ATTENTAT  ION..  .. 

.  :...  ;ORDIHATE»  ikWWfc  ...j  :  •!  i  ;  ; 

_  ...l_  ABSC.KSAi._JJi  _ ] . !. _  ..  .. 

!  ■  s  ,  !  I  1  !  !  ■ 

(All  curve e  were  obtained  by  computation  at  j  , 

_ _L . ithe.  point8..iiidloated..on..the_.ourye_L«r  4&?*j)  ..J. _ 
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TABLE  I 


-Zr 

0.0 

<r/3f-0  (tf=s) 

0.  333  333  333 

0.  000  000  000 

0.5 

0.  317  541  9C 7 

0.  049  730  211 

1.0 

0.  279  221  421 

0.  193  795  705 

1.5 

0.  237  135  931 

0.  405  366  92? 

2.0 

0.  209  673  585 

0.  539  772  661 

2.5 

0.  187  671  230 

0.  776  155  744 

3.0 

0.  180  149  269 

0.  850  317  435 

3.5 

0.  177  923  677 

0.  8?3  462  480 

4.0 

0.  177  520  664 

0.  877  715  674 

4.5 

0.  1?7  339  950 

0.  879  099  313 

5.0 

0. 177  165  on 

0.  881  485  127 

5.5 

0.  176  394  144 

0.  884  366  128 

6.0 

0.  I76  667  333 

C.  886  734  802 

6.5 

0.  176  507  776 

0.  esa  490  925 

7.0 

0.  I76  401  137 

0.  889  632  567 

7.5 

0.  176  322  914 

0.  390  470  873 

a.o 

0.  176  134  072 

0.  892  497  740 

8.5 

0.  176  197  214 

0.  891  819  545 

9.0 

0.  176  148  015 

0.  892  347  940 

9.5 

0.  176  107  778 

0.  892  730  302 

10.0 

0. 176  071 130 

0.  893  174  271 

10.5 

0. 176  041  090 

0  .  893  497  326 

11.0 

0.  176  015  163 

0  .  393  776  238 

11.5 

0.  175  992  466 

0.  894  020  470 

12.0 

0.  175  972  554 

0.  894  234  786 

TABLE  I  (Coa't*) 
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X 

0.0 

o.  333  333  333 

0.  060  occ  coo 

0.5 

0.  317  183  085 

0.  050  901  181 

1.0 

0.  274  552  107 

0,  214  098  616 

1.5 

0.  219  772  661 

0.  516  718  830 

2.0 

0.  169  437  629 

0.  967  292  243 

2.5 

0.  131  453  708 

1.  535  746  905 

3.0 

0.  110  651  377 

2.  012  464  393 

3.5 

0.  102  256  455 

2.  259  777  9U 

4.0 

0. 100  165  n6 

2.  327  838  539 

4.5 

0.  099  621  188 

2.  346  008  414 

5.0 

0.  098  553  645 

2.  382  252  714 

5.5 

0.  096  957  568 

2.  437  930  016 

6.0 

0.  095  548  073 

2.  488  645  274 

6.5 

0.  094  771  374 

2.  517  236  474 

7.0 

0.  094  560  001 

2.  525  098  665 

7.5 

0.  094  533  148 

2.  524  235  980 

8.0 

0.  094  572  218 

2.  524  643  287 

8.5 

0.  094  455  250 

2.  529  008  004 

9.0 

0.  094  298  881 

2.  534  859  902 

9.5 

0.  094  186  736 

2.  539  068  742 

10.0 

0.  094  143  134 

2.  540  707  847 

10.5 

0.  094  142  624' 

2.  540  727  028 

11.0 

0.  094  144  997 

2.  540  637  781 

11.5 

0.  094  139  938 

2.  540  828  052 

12.0 

0.  094  104  214 

2.  542  172  227 

r*7) 
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J5r 

0.0 

0.  333  333  333 

0.  COO  000  000 

0.5 

0.  317  139  501 

0.  051  062  173 

1.0 

0.  273  863  673 

0.  217  150  597 

1.5 

0.  216  922  001 

0.  536  650  647 

2.0 

0.  162  118  525 

1.  056  108  845 

2.5 

0.  119  679  190 

1.  785  223  841 

3.0 

0.  094  375  415 

2.  531  993  298 

3.5 

0.  082  830  323 

3.  021  863  347 

4.0 

0.  079  028  no 

3.  217  908  454 

4.5 

0.  077  299  968 

3.  312  205  321 

5.0 

0.  074  921  859 

3.  449  C79  851 

5.5 

0.  071  747  564 

3.  645  918  477 

6,0 

0.  068  826  911 

3.  843  C66  833 

6.5 

0.  066  982  152 

3.  976  450  044 

7.0 

0  .  066  423  231 

4.  018  324  58? 

7.5 

0.  065  998  620 

4.  050  610  654 

8.0 

0.  065  758  08/. 

4  .  069  085  2 44 

8.5 

0.  065  305  466 

4.  104  217  973 

9.0 

0.  064  772  229 

4.  146  238  418 

9.5 

0.  064  372  348 

4.  178  206  849 

10.0 

0.  064  193  292 

4.  192  650  555 

10.5 

0.  064  165  300 

4.  194  915  839 

11.0 

0.  064  158  535 

4.  195  463  601 

11.5 

0.  064  095  852 

4.  200  544  542 

12.0 

0.  063  987  166 

4.  209  377  976 

TABLE  2  (Can't.) 


10 


* 

0  JO 

<^<T0 

0.  333  333  333 

0.  000  000  000 

0.5 

0.  317  124  T57 

0.  051  113  029 

1.0 

0.  273  643  699 

0.  218  129  028 

1.5 

0.  215  993  923 

0.  543  253  294 

2.0 

0.  159  683  391 

1.  087  464  020 

2.5 

0.  115  636  152 

1.  882  604  856 

3.0 

0.  085  031  928 

2.  761  691  218 

3.5 

0.  075  809  091 

3.  397  010  027 

4.0 

0.  071  093  400 

3.  688  667  771 

4.5 

0.  068  693  242 

3.  852  490  923 

5.0 

0.  065  552  423 

4.  034  988  747 

5.5 

0.  061  44 6  732 

4.  424  752  830 

6.0 

0.  057  573  415 

4.  789  709  249 

6.5 

0.  054  960  948 

5.  064  912  368 

7.0 

0.  053  699  109 

5.  207  427  637 

7.5 

0.  053  143  692 

.  5.  272  302  897 

8.0 

0.  052  585  968 

5.  338  826  611 

8.5 

0.  051  757  406 

5.  440  302  153 

9.0 

0.  050  811  755 

5.  560  16L  784 

9.5 

0.  050  063  842 

5.  658  165  254 

10/) 

0.  049  661  174 

5.  712  151  696 

10.5 

.  0.  049  510  542 

5.  732  572  899 

11.0 

0.  049  409  025 

5.  746  405  810 

11.5 

0.  049  223  404 

5.  771  846  443 

12.0 

0.  048  963  504 

5.  807  791  642 

TAKLK  Z  (Coa't.) 
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~£r 

efc%,)//v(r^r 

0.0 

0.  333  333  333 

0.  000  000  000 

0.5 

0.  317  106  269 

0.  051  172  322 

1.0 

0.  273  385  66? 

0.  219  278  746 

1.5 

0.  214  894  401 

0.  551  149  456 

2.0 

0.  156  763  851 

1.  126  340  551 

2.5 

0.  no  702  286 

2.  on  079  042 

3.0 

0.  081  451  231 

3.  092  428  429 

3.5 

0.  066  852  651 

3.  986  089  980 

4.0. 

0.  060  848  254 

4.  478  108  432 

4.5 

0.  057  358  432 

4.  an  409  442 

5.C 

0.  052  940  in 

5.  296  423  015 

5.5 

0.  047  231  244 

6.  057  475  202 

(.0 

0.  041  623  793 

7.  008  240  222 

6.5 

0.  037  470  534 

7,  895  878  914 

7.0 

0.  035  028  603 

8.  516  032  749 

7.5 

0.  033  545  41/* 

8.  936  773  044 

8.0 

0.  032  053  103 

9.  399  407  549 

8.5 

0.  030  099  no 

10.  074  524  573 

9.0 

0.  027  904  243 

10.  945  614  626 

9.5 

0.  025  983  416 

n.  828  695  554 

10.0 

0.  024  646  010 

12.  524  839  652 

10.5 

0  .  023  780  906 

13.  016  847  521 

11.0 

0.  023  023  101 

13  .  478  2n  833 

11.5 

0.  022  086  660 

14.  092  066  131 

12.0 

0.  020  966  886 

14.  898  084  881 
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V  APPENDIX  A 

DESCRIPTION  OP  CALCULATIONS 


The  function  r^(Xp)  appearing  Eq.  (l)  is  evaluated  from 
rn^V  ”  (2  +  8=X^')  "  ^2  J2n  +  jntp(J2n-l(2V  “  J2nfl^2XF^  ^A"1^ 


where 


e*<v  -  ^T1  y  j2^i(2V  <*-2> 

m=o 


Equation  (A-l)  is  essentially  identical  to  Eq.  (A1  )  0f  CHH. 

Col.  (I)  of  the  tabulated  calculations  contains  the  values  of  Xpg^CXp) 
for  Xp  =  0,  if,  1,  ^  ...  12.  The  first  term  of  Eq.  (A-l)  is  then  obtained  by 
multiplying  the  values  ( g  +  g=^“)  (Col.  (II)),  by  the  corresponding  terms 
of  Col.  (I),  the  results  are  tabulated  in  Col.  (III).  Cols.  (IV)  and  (V) 


contain  the  terms  -  J2n(2XF)  «*  8Xr  ^J2n-1(2XF)  "  J2n+i(2Xp))  respectively. 
8  Xp  F 

Summing  Cols.  (Ill),  (IV)  and  (V)  we  obtain  rn(Xp),  tabulated  in  Col.  (VI). 


2  ti 

To  obtain  the  attenuation  we  must  calculate  the  ratio  rn(Xp)/l+(qi)  ^ 
for  ql  3  3,  7,  H»  15  5  values  of  this  ratio  are  contained  in  Cols.  (VIII), 
(X),  (XII)  and  (XIV),  with  the  values  l+(ql)2  n2/X*  tabulated  in  Cols.  (VII), 
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(IX),  (XI)  and  (XIII).  It  should  be  noted  that  the  above  ratio  for  ql=” 
is  non-zero  only  for  n=o. 

The  ratio  of  o/3oQ  (see  Eq.  (l))  consists  in  performing  a  summation 
of  the  Cols.  (VIII),  (X),  (XII)  and  (XIV).  These  results  are  tabulated  in 

Table  I.  A  calculation  of  the  relative  attenuation  Re  I  a(Xj,)~j  /  is 

s 

obtained  by  subtracting  one  (l)  from  the  reciprocal  of  o/$oQ ?  this  is  also 
tabulated  in  Table  I. 

Computations  were  performed  retaining  nine  places;  one  can  expect  the 
attenuation  to  have  five  significant  figures  when  its  numerical  value  is  of 
the  order  of  magnitude  of  a  tenth,  and  less  than  five  significant  figures 
when  the  order  of  magnitude  is  less  than  a  tenth. 

Bessel  functions  in  a  form  most  suitable  for  the  numerical  evaluation 
of  the  above  equations  were  found  in  Ref.  (5). 
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I 

wv 

*F  n 

0  0.  459  865 

1  0.  019  814 

2  0.  000  251 

0.5 

3  0.  000  001 

4  0.  000  000 

Xp  0  0.  712  885 

1  0.  136  160 

2  0.  007  217 

3  0.  000  177 

1.0 

4  0.  000  002 

5  0.  000  000 

6  0.  000  000 


II 


202 

2 

617 

-  2 

264 

-  14 

507 

-  34 

005 

-  62 

144 

5/8 

337 

1/8 

088 

-  11/8 

459 

-  31/8 

515 

-  59/8 

023 

-  95/8 

000 

-  139/8 

Col.  I  x  Col.  II 


+  0.  919  730  404 

-  0.  039  629  234 

-  0.  003  517  696 

-  0.  000  051  238 

-  0.  000  000  310 

+  0.  445  553  215 

+  0.  017  020  042 

-  0.  009  923  496 

-  0.  000  687  653 

-  0.  000  018  548 

-  0.  000  000  273 
0.  000  000  000 


0 

0.  693 

783 

622 

10/27 

+  0. 

256 

956 

897 

1 

0.  354 

724 

664 

6/27 

+  0. 

078 

827 

703 

2 

P 

O 

• 

O 

661 

942 

-  6/27 

-  0. 

010 

147 

098 

3 

0.  002 

633 

508 

-  26/2? 

-  0. 

002 

535 

970 

4 

0.  000 

086 

214 

-  54/27 

-  0. 

000 

172 

428 

5 

0.  000 

001 

819 

-  90/27 

-  0. 

000 

006 

063 

6 

0.  000 

000 

026 

-  134/27 

-  0. 

000 

000 

129 

7 

0.  000 

000 

000 

0. 

000 

000 

000 
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II 


ill 

Col  I  x  Col.  II 


2.0 


0 

0. 

512 

36? 

075 

17/64 

+  0.  136 

097 

504 

1 

0. 

578 

410 

403 

13/64 

+  0.  117 

489 

613 

2 

0. 
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569 

-  159/5832 

-  0. 

12 

0. 

001 

943 

759 

-  251/5832 

-  0. 

13 

0. 

000 

285 

402 

-  351/5832 

-  0. 

14 

0. 

000 

034 

968 

-  459/5832 

-  0. 

15 

0. 

000 

003 

636 

-  375/5832 

-  0. 

16 

0. 

000 

000 

324 

-  699/5832 

-  0. 

17 

0. 

000 

000 

024 

-  831/5832 

-  0. 

18 

0. 

000 

000 

001 

-  971/5832 

0. 

III 

I  x  Col.  II 

000  000  909 
000  000  101 
000  000  009 
000  000  000 


022  661  553 
032  730  096 
021  634  596 
027  933  537 
022  926  897 
015  028  309 
018  422  683 
013  814  015 
004  601  534 
000  027  499 
000  613  038 
000  294  650 
000  083  656 
000  017  176 
000  002  752 
000  000  358 
000  000  038 
000  000  003 

000  000  000 
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I 

II 

III 

ri  +  isiaii  1 

L2  8X2  J  Xp 

Col.  I  x  Col.  II 

n 

0. 

0.  443 

464 

430 

362/6859 

+  0.  023 

404 

887 

1 

0.  549 

165 

861 

358/6859 

+  0.  028 

663 

271 

2 

0.  476 

676 

200 

346/6859 

+  0.  024 

045 

774 

3 

0.  473 

103 

808 

326/6859 

+  0.  022 

486 

053 

4 

0.  589 

581 

782 

298/6859 

+  0.  ■  025 

615 

304 

5 

0.  394 

837 

454 

262/6859 

+  0.  015 

081 

996 

6 

0.  493 

209 

854 

218/6859 

+  0.  015 

675 

717 

7 

0.  654 

363 

621 

166/6859 

+  0.  015 

836 

763 

8 

0.  515 

415 

315 

106/6859 

+  0.  007 

965 

304 

9 

0.  259 

483 

531 

38/6859 

+  0.  001 

437 

581 

10 

0.  091 

897 

788 

-  38/6859 

-  0.  000 

509 

129 

11 

0.  024 

434 

380 

-  122/6859 

-  0.  000 

434 

610 

12 

0.  005 

099 

00? 

-  214/6859 

-  0.  000 

159 

088 

13 

0.  000 

862 

175 

-  314/6859 

-  0.  000 

039 

469 

14 

0.  000 

120 

983 

.  422/6859 

-  0.  000 

007 

443 

15 

0.  000 

014 

353 

-  538/6859 

-  0.  000 

001 

125 

16 

0.  000 

001 

460 

-  66 2/6859 

-  0.  000 

000 

140 

17 

0.  000 

000 

128 

-  794/6859 

-  0.  000 

000 

014 

18 

0.  000 

000 

009 

-  934/6859 

-  0.  poo 

000 

001 

19 

0.  000 

000 

000 
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II  III 


0 

0. 

529 

189 

404 

401/8000 

+  0. 

026 

525 

618 

1 

0. 

462 

356 

280 

397/8000 

+  0. 

022 

944 

430 

2 

0. 

561 

257 

674 

385/8000 

+  0. 

027 

010 

525 

3 

0. 

410 

087 

907 

365/8000 

+  0. 

018 

710 

260 

4 

0. 

594 

309 

304 

337/8000 

+  0. 

025 

035 

279 

5 

0. 

469 

183 

050 

301/8000 

+  0. 

017 

653 

012 

6 

0. 

40? 

826 

747 

257/8OOO 

+  0. 

013 

101 

434 

7 

0. 

611 

971 

799 

205/8000 

+  0. 

015 

681 

777 

8 

0. 

612 

783 

868 

145/8000 

+  0. 

Oil 

106 

707 

9 

0. 

379 

684 

055 

77/8000 

+  0. 

003 

654 

459 

10 

10.0 

0. 

160 

822 

152 

1/8000 

+  0. 

000 

020 

102 

11 

6. 

050 

188 

508 

-  83/8000 

-  0. 

000 

520 

705 

12 

0. 

012 

139 

819 

-  175/8000 

-  0. 

000 

265 

558 

13 

0. 

002 

358 

654 

-  275/8000 

-  0. 

000 

081 

078 

14 

0. 

000 

377 

919 

-  383/8000 

-  0. 

000 

018 

092 

15 

0. 

000 

050 

956 

-  499/8000 

-  0. 

000 

003 

178 

16 

0. 

000 

005 

874 

-  623/8000 

-  0. 

000 

000 

457 

17 

0. 

000 

000 

585 

-  755/8000 

-  0. 

000 

000 

055 

18 

0. 

000 

000 

050 

-  895/8000 

-  0. 

000 

000 

005 

19 

0. 

000 

000 

003 

-  1043/8000 

0. 

000 

000 

000 

20 

0. 

000 

000 

000 
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10. 


Ill 

Col.  I  x  Col.  II 


n 


0 

0. 

584 

504 

682 

442/9261 

+  0.  027 

896 

670 

1 

0. 

413 

384 

410 

438/9261 

+  0.  019 

551 

060 

2 

0. 

588 

367 

902 

426/9261 

+  0.  027 

064 

542 

3 

0. 

424 

703 

794 

406/9261 

+  0.  018 

618 

911 

4 

0. 

526 

854 

376 

378/9261 

+  0.  021 

504 

260 

5 

0. 

558 

607 

838 

342/9261 

+  0.  020 

628 

860 

6 

0. 

385 

395 

513 

298/9261 

+  0.  012 

401 

237 

7 

0. 

520 

975 

008 

246/9261 

+  0.  013 

838 

662 

8 

0. 

653 

114 

250 

186/9261 

+  0.  013 

117 

293 

9 

0. 

502 

660 

787 

118/9261 

+  0.  006 

404 

704 

.10 

> 

0. 

256 

132 

626 

42/9261 

+  0.  001 

161 

599 

11 

0. 

094 

039 

905 

-  42/9261 

-  0.  000 

426 

484 

12 

0. 

026 

369 

909 

-  134/9261 

-  0.  000 

381 

553 

13 

0. 

005 

879 

820 

-  234/9261 

-  0.  000 

148 

566 

I** 

0. 

001 

073 

422 

-  342/9261 

-  0.  000 

039 

640 

15 

0. 

000 

164 

033 

458/9261 

-  0.  000 

008 

112 

16 

0. 

000 

021 

348 

-  582/9261 

-  0.  000 

001 

341 

17 

0. 

000 

002 

398 

-  714/9261 

-  0.  000 

000 

184 

18 

0. 

000 

000 

234 

-  854/9261 

-  0.  000 

000 

021 

19 

0. 

000 

000 

019 

-  1002/9261 

-  0.  000 

000 

002 

20 

0. 

000 

000 

Q01 

-  1158/9261 

0.  000 

000 

000 

21 

0. 

000 

000 

000 
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*F  g n 


II 


l=iHQ  1 

8Xf2  -W 


III 

Col.  I  x  Col.  II 


*,n 


0 

0. 

561 

195 

556 

485/1064 8 

+  0.  025 

561 

593 

1 

0. 

444 

017 

767  ■ 

481/10648 

+  0.  020 

057 

526 

2 

0. 

537 

322 

101 

469/10648 

+  0.  023 

666 

798 

3 

0. 

501 

017 

999 

449/10648 

+  0.  021 

126 

698 

4 

0. 

442 

820 

736 

421/10648 

+  0.  017 

508 

220 

5 

0. 

600 

085 

549 

385/10648 

+  0.  021 

697 

308 

6 

0. 

435 

960 

126 

341/10648 

+  0.  013 

961 

532 

7 

0. 

429 

2?2 

365 

289/10648 

+  0.  011 

650 

987 

8 

0. 

625 

182 

897 

229/10648 

+  0.  013 

445 

424 

9 

0. 

601 

600 

644 

161/10648 

+  0.  009 

096 

328 

10 

0. 

371 

675 

819 

85/10648 

+  0.  002 

966 

983 

11 

0. 

161 

197 

213 

1/10648 

+  0.  000 

015 

138 

12 

0. 

052 

474 

007 

-  91/10648  . 

_  0.  000 

448 

453 

13 

0. 

013 

423 

902 

-  191/10648 

-  0.  000 

240 

793 

14 

0. 

00? 

788 

469 

-  299/10648 

-  0.  000 

078 

301 

15 

0. 

000 

481 

922 

-  415/10648 

-  0.  000 

018 

782 

16 

0. 

000 

070 

612 

-  539/10648 

-  0.  000 

003 

574 

17 

0. 

000 

008 

902 

-  671/10648 

-  0.  000 

000 

560 

18 

0. 

000 

000 

976 

-  811/10648 

-  0.  000 

000 

074 

19 

0. 

000. 

000 

093 

-  959/1064 8 

-  0.  000 

000 

008 

20 

0. 

000 

000 

00? 

-  1H5/1Q648 

0.  000 

000 

000 

21 

0. 

000 

000 

000 
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III 

Col.  I  x  Col.  II 


Xpn 


0 

0. 

m 

788 

300 

530/1216? 

+  0. 

021 

074 

O36 

1 

0. 

523 

307 

621 

526/12167 

+  0. 

022 

623 

474 

2 

0. 

456 

140 

244 

514/12167 

+  0. 

019 

269 

335 

3 

0. 

572 

509 

149 

494/12167 

+  0. 

023 

244 

803 

4 

0. 

408 

735 

435 

466/12167 

+  0. 

015 

654 

698 

5 

0. 

566 

367 

146 

430/12167 

+  0. 

020 

016 

263 

6 

0. 

523 

685 

938 

386/1216? 

+  0. 

016 

614 

019 

7 

0. 

385 

826 

018 

334/12167 

+  0. 

010 

591 

426 

8 

0. 

544 

596 

986 

274/12167 

+  0. 

012 

264 

286 

9 

0. 

650 

056 

466 

206/12167 

+  0. 

Oil 

006 

113 

10 

0. 

491 

349 

837 

130/12167 

+  0. 

005 

249 

895 

11.5 

11 

0. 

253 

200 

917 

46/12167 

+  0. 

000 

951 

281 

12 

0. 

095 

945 

376 

-  46/12167 

-  0. 

000 

362 

742 

13 

0. 

028 

180 

284 

-  146/12167 

.  0. 

000 

338 

154 

14 

0. 

006 

656 

784 

-  254/12167 

-  0. 

000 

138 

967 

15 

0. 

001 

299 

301 

-  370/12167 

-  0. 

000 

039 

511 

16 

0. 

000 

213 

901 

-  494/12167 

-  0. 

000 

008 

684 

17 

0. 

000 

030 

185 

-  626/12167 

-  0. 

000 

001 

553 

18 

0. 

000 

003 

698 

-  766/12167 

-  0. 

000 

000 

232 

19 

0. 

000 

000 

396 

-  914/12167 

-  0. 

000 

000 

029 

20 

0. 

000 

000 

036 

-  IO7O/12167 

-  0. 

000 

000 

003 

21 

0. 

000 

000 

002 

-  1234/12167 

-  0. 

000 

000 

000 

22  0.  000  000  000 
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I 

XI 

III 

L  8Xj  J  XF 

Col. 

I  x  Col. 

II 

Xy  n 

0 

0.  424 

278 

183 

577/13824 

+  0. 

017 

708 

949 

1 

0.  578 

316 

243 

573/13824 

+  0. 

023 

971 

007 

2 

0.  417 

045 

889 

561/13824 

+  0. 

016 

924 

388 

3 

0.  579 

341 

641 

541/13824 

+  0. 

022 

672 

441 

4 

0.  449 

319 

414 

513/13824 

+  0. 

016 

673 

962 

5 

0.  485 

746 

073 

477/13824 

+  0. 

016 

760 

769 

6 

0.  589 

080 

534 

433/13824 

+  0. 

018 

451 

379 

7 

0.  412 

755 

984. 

381/13824 

+  0. 

Oil 

375 

870 

8 

0.  451 

380 

998 

321/13824 

+  0. 

010 

481 

286 

9 

0.  634 

501 

906 

253/13824 

+  0. 

Oil 

612 

339 

12.3° 

0.  591 

048 

765 

177/13824 

+  0. 

007 

567 

681 

11 

0.  364 

647 

487 

93/13824 

+  0. 

002 

453 

140 

12 

0.  l6l 

517 

859 

1/13824 

+  0. 

000 

Oil 

683 

.13 

0.  054 

563 

084 

-  99/13824 

-  0. 

000 

390 

751 

14 

0.  014 

660 

657 

-  207/13824 

-  0. 

000 

219 

528 

15 

0.  003 

229 

253 

-  323/13824 

-  0. 

000 

075 

452 

16 

0.  000 

596 

456 

-  447/13824 

-  0. 

000 

019 

286 

17 

0.  000 

094 

020 

-  579/13824 

-  0. 

000 

003 

937 

18. 

0.  000 

012 

826 

-  719/13824 

-  0. 

000 

000 

667 

19 

0.  000 

001 

530 

-  867/13824 

-  0. 

000 

000 

095 

20 

0.  000 

000 

160 

-  1023/13824 

-  0. 

000 

000 

Oil 

21 

0.  000 

000 

014 

-  1187/13824 

-  0. 

000 

000 

001 

22 

0.  000 

000 

001 

-  1359/13824 

-  0. 

000 

000 

000 

23 

0.  000 

000 

000 
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V 

VI 

~  &4 

"  J2n 

(2Xj.) 
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*F 

n 

0 

-  0.  382 

598 

843 

-  0. 

220 

025 

292 

0.  317 

106 

269 

1 

-  0.  057 

451 

742 

+  0. 

105 

121 

808 

0.  008 

040 

832 

2 

-  0.  001 

238 

319 

+  0. 

004 

828 

399 

0.  000 

072 

384 

0.5 

3 

-  0.  000 

010 

469 

+  0. 

000 

062 

O63 

0.  000 

000 

356 

4 

-  0.  000 

000 

047 

+  0. 

000 

000 

374 

0.  000 

000 

01? 

5 

-  0.  000 

000 

000 

+  0. 

000 

000 

001 

0.  000 

000 

001 

6 

0. 

000 

000 

000 

0.  000 

000 

000 

0 

-  0.  027 

986 

3^7 

-  0. 

144 

181 

201 

0.  273 

385 

667 

1 

-  0.  044 

104 

253 

+  0. 

055 

972 

694 

0.  028 

888 

483 

2 

-  0.  004  249 

464 

+  o. 

015 

237 

952 

0.  001 

064 

992 

1.0 

3 

-  0.  ooo  150 

303 

+  0. 

000 

858 

085 

0.  000 

020 

129 

4 

-  0.  000 

002 

772 

+  0. 

000 

021 

556 

0.  000 

000 

236 

5 

-  0.  000 

000 

031 

+  0. 

000 

000 

308 

0.  000 

000 

004 

6 

-  0.  000 

000 

000 

+  0. 

000 

000 

002 

0.  000 

000 

002 

_ 2*. 

000 

000 

000 

0.  000 

000 

000 

+  0.  014 

447 

330 

-  0. 

056 

509 

826 

0. 

214 

894 

401 

1 

O 

• 

O 

-^3 

005 

070 

+  0. 

002 

499 

686 

0. 

054 

322 

319 

8 

• 

O 

1 

335 

232 

+  0. 

022 

169 

524 

0. 

004 

68? 

194 

.  0.  000 

632 

996 

+  0. 

003 

373 

428 

0. 

000 

204 

462 

-  0.  000 

027 

413 

+  0. 

000 

205 

241 

0. 

000 

005 

400 

-  0.  000 

000 

718 

+  0. 

000 

006 

883 

0. 

000 

000 

102 

-  0.  000 

000 

012 

+  0. 

000 

000 

147 

0. 

000 

000 

006 

-  0.  000 

000 

000 

+  0. 

000 

000 

002 

0. 

000 

000 
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000 

000 

000 

0. 
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IV  V  VI 

-  ^  W  k,  (Ja,.i(ar)-  J2n*i(2Ir>>  <*F ■> 

If  n 

0  +  0.  012  410  931  +  o.  008  255  416  0.  156  763  851 

1  -  0.  011  379  004  -  0.  031  013  425  0.  075  097  184 

2  -  0.  008  785  283  +  0.  018  63O  301  0.  033  007  350 

3  -  0.  001  533  986  +  0.  007  306  911  0  .  000  977  719 

2.0 

4  -  0  .  000  125  895  +  0.  000  889  841  0  .  000  047  046 

5  -  0.  OOO  006  095  +  0.  000  056  374  0.  000  001  512 

6  -  0.  000  000  195  +  0.  000  002  225  0.  000  000  O38 

7  -  0.  000  000  004  +  0.  000  000  060  0.  000  000  00 3 

8  0,  000  000  000  +  0.  000  000  001  0.  000  000  001 

0  +  0.  003  551  935  +  0.  032  757  913  0.  110  702  286 

1  -  0.  000  931  302  -  0,  034  620  518  0.  O85  049  556 

2  -  0.  007  824  652  +  0.  005  184  534  0.  022  992  191 

3  -  0.  002  620  974  +  0.  010  388  206  0.  003  026  167 

4  -  0.  000  368  104  +  0.  002  392  806  0.  000  235  083 

5  -  0.  000  029  356  +0.  OOO  258  467  0.  000  012  070 

6  -  0.  OOO  001  525  +  0.  OOO  016  786  0.  OOO  OOO  444 

7  -  0.  000  000  056  +  0.  000  000  738  0.  OOO  OOO  014 

8  -  0.  000  000  001  +0.  000  000  023  0.  OOO  OOO  002 

9  -  0.  OOO  OOO  OOO  +  0.  OOO  OOO  OOO 


0.  OOO  OOO  OOO 


33 


IV  V  VI 

-  J2a  ^  Waul‘d «•.  <V 

Xp  n 

0  >  0.  002  092  295  +  0.  023  O56  988  0.  081  451  231 

1  +  0.  003  373  239  -  0.  016  310  510  0.  083  281  327 

2  -  0.  004  967  244  -  0  .  010  304  945  0.  034  799  791 

3  0  3  -  0.  003  414  400  +  0.  009  687  51?  0.  006  981  167 

4  -  0  .  000  785  166  +  0.  004  517  555  0.  000  813  345 

5  -  0  .  000  096  721  +  0.  000  796  557  0.  000  061  952 

6  -  0.  000  00?  571  +  0.  000  079  8O3  0.  000  002  046 

7  -  0.  000  000  413  •  +  0.  000  005  270  0.  000  000  135 

8  -  0.  000  000  016  +  0  .  000  000  248  0  .  000  000  005 

9  +  0.  000  000  000  +  0.  000  000  008  0.  000  000  001 

10  +  0.  000  000  000  +  0.  000  000  000  0.  000  000  000 

0  -  0.  003  062  033  +  0  .  000  334  487  0.  066  852  651 

1  -  0.  003  075  685  +  0.  005  816  884  0.  073  534  367 

2  -  0.  001  610  185  -  0.  018  408  996  0.  044  368  548 

3  -  0.  000  461  189  +  0.  004  082  598  0.  012  934  153 

3.5 

4  -  0.  001  305  821  +  0.  006  237  9 66  0.  002  153  424 

5  -  0  .  000  240  197  +  0.  001  806  633  0.  000  231  427 
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